Acoustic properties of a porous polycarbonate material produced by additive manufacturing by Liu, Z et al.
 Thank you for downloading this document from the RMIT Research 
Repository.
The RMIT Research Repository is an open access database showcasing the 
research outputs of RMIT University researchers.
RMIT Research Repository: http://researchbank.rmit.edu.au/
Citation: 
See this record in the RMIT Research Repository at:
Version: 
Copyright Statement: 
© 
Link to Published Version:
PLEASE DO NOT REMOVE THIS PAGE
Liu, Z, Zhan, J, Fard, M and Davy, J 2016, 'Acoustic properties of a porous
polycarbonate material produced by additive manufacturing', Materials Letters, vol.
181, pp. 296-299.
https://researchbank.rmit.edu.au/view/rmit:37205
Accepted Manuscript
2016 Elsevier B.V. All rights reserved.
© 2016. This manuscript version is made available under the CC-BY-NC-ND 4.0
license http://creativecommons.org/licenses/by-nc-nd/4.0/
https://dx.doi.org/10.1016/j.matlet.2016.06.045
1 
Acoustic properties of a porous polycarbonate material 
produced by additive manufacturing 
 
Zhengqing Liu a, Jiaxing Zhan a,*, Mohammad Fard a,**, John Laurence Davy b 
a School of Engineering, RMIT University, Bundoora 3083, Australia 
b School of Science, RMIT University, Melbourne 3001, Australia 
* Corresponding author. Tel.: +61 3 9925 4136.  
** Corresponding author. Tel.: +61 4 0934 2986. 
E-mail address: Jiaxing.Zhan@dtsysint.com (J. Zhan), mohammad.fard@rmit.edu.au (M. Fard). 
 
ABSTRACT 
This paper aims to investigate the acoustic properties of porous polycarbonate material (PPM) 
fabricated by additive manufacturing, and the feasibility to tailor artificial porous sound absorbing 
material is studied. Four PPM samples with different perforation angles were printed by using a 3D 
printer. Polycarbonate material was used, and the samples were printed with 25.4 micrometre layer 
resolution. Their sound absorption coefficient was experimentally measured using the two-
microphone impedance tube method. It was found that with increased the perforation angle and 
constant porosity, the sound absorption was decreased. The results indicated that by adjusting the 
perforation angle and the airgap behind the sample, significant sound absorption can be achieved in 
the low frequencies where conventional porous materials may not be that effective. The results 
obtained in this paper provide a new approach for the fabrication of new porous sound absorbing 
materials. 
Keywords: Porous polycarbonate material, Additive manufacturing, Perforation angle, Porosity, Impedance 
tube, Sound absorption coefficient 
 
1. Introduction 
Porous sound absorbing materials are widely used in the acoustic design of buildings, vehicles, 
ships, and aircraft. Porous material is popular for noise control because of the ease of use, the 
range of possible designs and flexible combinations, and the fact that no extra energy input is 
required. In order to reduce the environmental implications and human health issues associated 
with the use of conventional porous materials [1-3], the use of innovative porous materials for noise 
control is necessary, and they have been extensively investigated in the past few years.  
Aiming at understanding the acoustic performance of porous fibrous materials and establishing 
a database, Wang and Torng [4] have experimentally investigated porous fibrous materials 
manufactured from glass fibre or mineral wool. Ersoy and Kucuk [5] characterized an industrial tea-
leaf-fibre waste material for its sound absorbing properties. Similarly, the acoustic properties of bio-
luffa-fibre were measured by Koruk and Genc [6]. Besides natural fibre materials, the acoustic 
sound absorption coefficient of open-cell polyolefin-based, poly (ethylene-co-octene) foam, and 
poroelastic porous foams were also examined [7-10]. Arenas et al. [11] designed an acoustic 
absorbing material for highway noise barriers using co-combustion bottom ash. The sound 
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absorption characteristics of different porous metal materials were also quantified in the literature 
[12-16].  
The acoustic properties of various porous materials created by different manufacturing methods 
were already studied and documented. However, so far, the sound absorption of porous 
polycarbonate material (PPM) produced by additive manufacturing has not been well presented in 
the literature [4-16]. This paper investigates the acoustic properties of 3D printed (3DP) PPM and 
the feasibility of the fabrication of the porous sound absorbing material by additive manufacturing. 
 
2. Material and methods 
2.1 Materials and test samples 
The VisiJet-SL Materials (Clear), supplied by 3D-Systems/Australia (Australia), is used in this 
study. It consists of 50% propylene carbonate and 50% mixed triarylsulfonium salts, and the density 
is 1.12 g/cm3. Four PPM samples, namely 3DP-1, 3DP-2, 3DP-3, and 3DP-4, are printed by using a 
professional 3D printer (ProJet 7000), which is purchased from 3D-System Inc. (USA). All samples 
are printed with 25.4 micrometre layer resolution; their accuracy is 0.0254-0.05 mm per 25.4 mm of 
part dimension. In this study, the model interior is defined as solid, the thickness and diameter of the 
samples are 10 mm and 29 mm, and the pore diameter is 0.8 mm as shown in Fig.1. The 
perforation angle, θ of the 3DP-1, 3DP-2, 3DP-3 and 3DP-4 are 0o, 15o, 30o and 45o, respectively. 
The samples had an average constant porosity σ = 7.4%. 
 
Fig. 1. PPM samples: design of test samples (a) & (b), 3DP-1 with θ = 0o (c), 3DP-2 with θ = 15o (d), 3DP-3 with θ = 30o (e) 
and 3DP-4 with θ = 45o (f). 
 
2.2 Sound absorption coefficient measurement 
Fig. 2 shows the measurement setup in the laboratory, where the Brüel & Kjær impedance tube 
and Pulse LabShop are used in this study. The two-microphone transfer function method is used 
according to ASTM E1050-12 standard [17]. In this method, the complex sound reflection coefficient 
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R of a test sample is calculated from the corrected acoustic transfer function H12. According to 
Chung and Blaser’s [18] results, the complex sound reflection coefficient is: 
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where the wave number k=2πf/c, l is the distance between Mic 2 (Fig. 2) and the front of the test 
sample, s is the distance between the two microphones. The specific impedance ratio Z/ρc and the 
normal incidence sound absorption coefficient αn are then calculated by [17-19]: 
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where ρ and c are the density and speed of sound in the air, respectively. It should be noted that the 
normal sound absorption coefficient indicates the ability of the porous material to absorb sound 
energy in different frequency bands. 
             
Fig. 2. Acoustic sound absorption coefficient measurement: measurement setup in the laboratory (a) and schematic 
of two-microphone impedance tube method (b). 
 
Furthermore, in order to understand the effect of an airgap on the sound absorption coefficient 
of PPM, the following two cases were investigated. One case had an airgap behind the samples in 
the impedance tube and the other had no airgap. 
 
3. Results and discussion 
The sound absorption coefficients of the PPM samples in the range from 500 to 6000 Hz are 
shown in Fig. 3. It can be seen that the sound absorption coefficient curves of the four PPM 
samples have a similar shape. The peaks of their sound absorption coefficients lie in the frequency 
range from 2000 Hz to 4000 Hz. Note that the 3DP-1 with perforation angle θ = 0o has the highest 
sound absorption coefficient at the frequency of 3328 Hz. The results show that the increase of the 
perforation angle gradually decreases the peak sound absorption coefficient of the PPM sample and 
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its corresponding frequency. The sound absorption of the PPM sample with the largest perforation 
angle θ = 45o (3DP-4) is the poorest. The frequencies of the peaks of sound absorption coefficient of 
the PPM samples with no air cavity behind are lower than the quarter wave length resonant 
frequencies. There must have been a small air gap at the back of the samples. An increase of 
perforation angle lengthens the holes and thus decreases the resonant frequency at which 
maximum sound absorption occurs because the acoustical mass of the holes is increased. It should 
be noted that the peak sound absorption coefficient values at 1536 Hz and 4864 Hz are due to the 
inherent resonances of impedance tube.  
 
Fig. 3. Measurement results of PPM samples: sound absorption coefficient (a) and sound reflection coefficient (b). 
 
Fig. 4. Measurement results of PPM samples with different airgaps for: 3DP-1 (a), 3DP-2 (b), 3DP-3 (c) and 3DP-4 (d). 
Fig. 4 summarizes the sound absorption coefficient of the PPM for the case of different airgaps 
(5mm, 10mm and 15mm) behind the test samples in the impedance tube. Here, all sound 
absorption coefficient graphs, regardless of perforation angle, show a similar variation: the airgap 
substantially shifts the peak absorption coefficient toward the lower frequencies and improves the 
low frequency sound absorption. This is due to the holes, which are now open at both ends, acting 
as an acoustic mass and the air cavity acting as an acoustic spring which creates a mass-spring 
resonance. It is clear that the PPM samples can be tuned to have peak sound absorption at a 
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particular frequency, by adjusting the perforation angle and the airgap behind the sample. However, 
the overall thickness and acoustic performance must be considered as design variables, in order to 
obtain the sound absorption coefficient peak in the desired frequency band.  
 
4. Conclusion 
In this study, a new method for preparing acoustic porous materials has been successfully 
developed by using additive manufacturing. The 3D printed PPM samples demonstrate excellent 
sound absorption at medium to low frequencies. The effects of perforation angle have been 
demonstrated. The results show that increasing the angle of the slanted pores decreases the sound 
absorption coefficient when the porosity is kept constant. The results indicate that the frequency of 
the corresponding peak value of sound absorption coefficient was reduced, with increasing airgap 
behind the test samples in the impedance tube. The results obtained in this paper can provide a 
new approach for the fabrication and investigation of porous materials. For instance, the appropriate 
design of perforation angle or combination with an airgap could improve the sound absorption 
coefficient in specific frequency bands providing the thickness and acoustic properties are 
considered. In future research emphasis will be given to improving the sound absorption coefficient 
through optimizing the model of the PPM. The presented approach can be extended to determine 
the effects of thickness and porosity of the PPM on its sound absorbing properties.  
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